ELECTRONIC MODULE AND 
METHOD FOR FABRICATING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an electronic 

module and a method for manufacturing the same. 

2. Description of the Related Art 

[0002] Currently, in liquid crystal display units and 

the like, a tape carrier package (TCP) method and a chip 
on glass (COG) method are mainly used for connection be- 
tween a display panel and a driver for driving the display 
panel . 

[0003] FIG. lA is a diagrammatic view showing a struc- 

ture of a conventional TCP type liquid crystal module , and 
FIG. IB is a cross -sectional view taken along line A- A' in 
FIG. lA. In this liquid crystal module, as shown in FIG. 
IB, a plurality of gate TCPs (driver circuit boards) 12 
and source TCPs 14 are connected to a gate terminal region 
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and a source terminal region of a display panel 1, respec- 
tively, via corresponding anisotropic conductive films 
(ACFs) 17. The gate TCPs 12 and the source TCPs 14 are 
also connected to a gate printed wiring board (PWB) 13 and 
a source PWB 15, respectively, via corresponding ACFs 17. 
The gate PWB 13 and the source PWB 15 are soldered to cor- 
responding flexible printed circuits (FPCs) 16 that are 
connected to an external circuit board. In the TCP type 
liquid crystal module described above, signals and the 
power supply voltage (hereinafter, these are sometimes 
collectively called "signals" for simplification) are di- 
rectly supplied to all of the gate TCPs 12 and all of the 
source TCPs 14 from the gate PWB 13 and the source PWB 15, 
respectively. 

[0004] A substrate- free type liquid crystal module that 

eliminates the need for the PWBs provided for the TCP type 
liquid crystal module described above has been proposed. 

[0005] For example, Japanese Laid-Open Patent Publica- 

tion No. 2001-188246 (Literature 1, FIG. 9) discloses a 
substrate -free structure, in which, as shown in FIG. 2, 
panel wiring lines 18 and 19 run on a gate terminal region 
and a source terminal region of a display panel 11, re- 
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spectlvely. A signal input via a FPC 16 is transferred 
to a plurality of gate TCPs 12 or source TCPs 14 sequen- 
tially from one TCP to its adjacent TCP via the panel wir- 
ing line 18 or 19. 

[0006] FIG. 3A is a diagrammatic view showing a struc- 

ture of a COG type liquid crystal module, and FIG. 3B is a 
cross -sectional view taken along line A-A' in FIG. 3A. 

[0007] As shown in FIG. 3A, in the COG type liquid crys- 

tal module, a plurality of source driver ICs 24 (hereinaf- 
ter, a driver IC is simply called an IC) and a source FPC 
25 are mounted on a source terminal region of a display 
panel 11. Likewise, a plurality of gate ICs 22 and a gate 
FPC 23 are mounted on a gate terminal region of the dis- 
play panel 11. As shown in FIG. 3B, the gate ICs 22 and 
the source ICs 24 are connected to the display panel 11 
via corresponding ACFs 17, and also the gate FPC 23 and 
the source FPC 25 are connected to the display panel 11 
via corresponding ACFs 17. 

[0008] COG type liquid crystal modules have a problem in 

that the frame width (width of the terminal region) of the 
display panel 11 is large compared with TCP type liquid 
crystal modules. A liquid crystal module for solving this 
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problem is disclosed in Japanese Laid-Open Patent Publica- 
tion No. 2000-137445 (Literature 2, FIG. 1). for example. 
FIG. 4 is a partial diagrammatic view of a liquid crystal 
module disclosed in Literature 2. This liquid crystal 
module includes a FPC 25 having a comb shape, which has 
portions protruding into spaces between adjacent source 
ICS 24. Each of the source ICs 24 is connected to the FPC 
25 at both sides via terminals 29 on the display panel. 
Having this structure, the frame width of this liquid 
crystal module is smaller than that of the liquid crystal 
module shown in FIGS. 3A and 3B. 

[0009] The conventional liquid crystal modules described 

above have the following problems. The TCP type liquid 
crystal module shown in FIGS. lA and IB has a long track 
record in mass production, but has a problem that the num- 
ber of components is large and the manufacturing cost in- 
cluding materials cost and mounting machining cost is 
high. This liquid crystal module also has a shortcoming 
in that the module assembly work is complicated due to the 
large PWBs extending from the display panel 11. 

[0010] On the contrary, the substrate -free liquid crys- 

tal module shown in FIG. 2 has a small number of compo- 
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nents compared with the TCP type liquid crystal module de- 
scribed above, and thus, the manufacturing cost can be re- 
duced* In this type of liquid crystal module, in which a 
signal is transferred to the plurality of TCPs from the 
input FPC 16, wiring impedance on the display panel 11 
must be held to a low level. However, since the panel 
wiring lines 18 and 19 are normally formed by a thin film 
deposition process, the impedance thereof is considerably 
high compared with wiring lines formed on the TCPs. 
Therefore, if the adjacent TCPs are spaced farther apart 
from each other due to an increase in size of the display 
panel 11, thus the panel wiring lines 18 and 19 become 
longer, and as a result, the influence of the impedance on 
the display quality will be significant. Also, if the 
number of TCPs increases due to high definition of the 
display panel 11, the ntimber of TCPs to which a signal is 
transferred from one FPC increases. In this case, also, 
the display quality will be adversely influenced. The 
number of FPCs used is generally determined depending on 
the size of the display panel. For example, two FPCs are 
provided for VGA class, three FPCs for XGA class, and four 
or more FPCs for UXGA class. 
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[0011] As described above, in the TCP type and sub- 
strate-free type liquid crystal modules, it is difficult 
to achieve both a reduction in manufacturing cost and high 
definition, particularly for large-size models. 

[0012] The COG type shown in FIGS. 3A and 3B has a small 

number of components and thus can reduce the manufacturing 
cost , but has a problem in that the frame width of the 
display panel 11 is large. Increase of the frame width is 
critical when the liquid crystal module is applied to a 
notebook personal computer. Even when applied to a device 
that has comparatively few limitations on the frame width, 
such as a monitor and a TV set, an increase of the size of 
the display panel 11 is undesirable because this leads to 
a cost increase. 

[0013] The COG type liquid crystal module shown in FIG. 

4 has a smaller frame width than the COG type liquid crys- 
tal module shown in FIGS. 3A and 3B. However, the process 
of connecting the ICs 24 to the FPC 25 is complicated, and 
thus the mounting cost increases. 

[0014] Moreover, in the COG type liquid crystal modules 
shown in FIGS. 3A and 3B and FIG. 4, the connection pitch 
of output terminals of the ICs 22 and 24 for outputting 
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signals to the display panel 11 is narrow compared with 
that in the TCP type. Therefore, when the limitation 
(minimiam value) of the signal line wiring pitch on the 
display panel 11 is the same, the run length of signal 
lines before reaching a display pixel region is larger and 
thus the distance between the ICs 22 and 24 and the dis- 
play pixel region is longer, than in the TCP type. For 
this reason, also, the frame width increases. 



SUMMARY OF THE INVmTOION 

[0015] In order to overcome the problems described 

above, preferred embodiments of the present invention pro- 
vide an electronic module that has a very small frame 
width and that is applicable to all types of electronic 
equipment, and also provide a method for manufacturing an 
electronic module that requires no complicated manufactur- 
ing steps and has a very low manufacturing cost. 

[0016] An electronic module according to a preferred em- 
bodiment of the present invention includes an electronic 
circuit board having a plurality of circuit elements, a 
plurality of signal lines connected to the plurality of 
circuit elements, and a plurality of board terminals dis- 
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posed on a terminal region, and an input board, a first 
driver circuit board and a second driver circuit board 
mounted on the terminal region of the electronic circuit 
board, wherein each of the first and second driver circuit 
boards has a plurality of input teirminals and a plurality 
of output terminals, the plurality of output terminals be- 
ing electrically connected to the plurality of signal 
lines of the electronic circuit board, the input board has 
a plurality of main wiring lines for transmitting signals 
input externally, and a plurality of first branch wiring 
lines and a plurality of second branch wiring lines 
branched from the plurality of main wiring lines, and the 
plurality of first branch wiring lines and the plurality 
of second branch wiring lines are electrically connected 
to the plurality of input terminals of the first driver 
circuit board and the plurality of input terminals of the 
second driver circuit board, respectively, via the plural- 
ity of board terminals of the electronic circuit board. 

[0017] Preferably, the terminal region includes an x 

terminal region arranged along an x direction of the elec- 
tronic circuit board, and the first and second driver cir- 
cuit boards are mounted on the x terminal region so as to 
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be adjacent to each other in the x direction, the input 
board has a belt portion extending in the x direction and 
a plurality of protrusions extending in a y direction 
crossing the x direction from the belt portion, each of 
the first and second driver circuit boards is disposed be- 
tween the two adjacent protrusions, and the plurality of 
first and second branch wiring lines run on the plurality 
of protrusions* 

[0018] Preferably, the plurality of input terminals of 

each of the first and second driver circuit boards define 
first -side and second- side input terminal groups disposed 
on at least two regions spaced apart from each other in 
the X direction, and the plurality of first branch wiring 
lines and the plurality of second branch wiring lines in- 
dividually define first -side and second- side branch wiring 
line groups branched from the main wiring lines in differ- 
ent regions spaced apart from each other in the x direc- 
tion in correspondence with the first -side and second- side 
input terminal groups. 

[0019] Preferably, the plurality of protrusions include 

a protrusion having the second- side branch wiring line 
group connected to the first driver circuit board and the 
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first -side branch wiring line group connected to the sec- 
ond driver circuit board. 

[0020] Preferably, each of the first and second driver 
circuit boards has first and second edges spaced apart 
from each other in the x direction, the plurality of input 
terminals of the first driver circuit board are located 
near the first edge of the first driver circuit board, and 
the plurality of input terminals of the second driver cir- 
cuit board are located near the first edge of the second 
driver circuit board. 

[0021] Preferably, the plurality of protrusions include 

first and second protrusions adjacent to each other in the 
X direction, the first protrusion has the first branch 
wiring line, and the second protrusion has the second 
branch wiring line. 

[0022] Preferably, the first and second driver circuit 

boards and the belt portion of the input board partially 
overlap each other when viewed in a direction that is per- 
pendicular to the electronic circuit board. 

[0023] Preferably, the first and second protrusions of 

the input board, the first driver circuit board and the 
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second driver circuit board are bent at one time to form a 
predetermined angle with respect to the electronic circuit 
board • 

[0024] Preferably, the electronic module includes m (m 

^ 3) driver circuit boards including the first and second 
driver circuit boards, the input board has m sets of a 
plurality of branch wiring lines including the plurality 
of first branch wiring lines and the plurality of second 
wiring lines respectively corresponding to the m driver 
circuit boards , the plurality of board terminals of the 
electronic circuit board include a plurality of board ter- 
minals for the input board respectively connected to the m 
sets of the plurality of branch wiring lines, the plural- 
ity of board terminals for the input board on the elec- 
tronic circuit board form n (n S 3) board terminal groups 
including the first, second, k-th, (k+l)th, n-th 

groups, each of the n board terminal groups including a 
plurality of board terminals for input board arranged in 
an X direction at a predetermined pitch, and in at least 
two board terminal groups, a predetermined pitch Pk in the 
k-th board terminal group and a predetermined pitch Pk+i in 
the (k+l)th board terminal group have the relationship Pr 
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< pk+1. 

[0025] Preferably, the electronic module further in- 
cludes third and fourth driver circuit boards mounted on a 
y terminal region of the electronic circuit board arranged 
along a y direction crossing an x direction, each of the 
third and fourth driver circuit boards has a plurality of 
input terminals and a plurality of output terminals, the 
plurality of output terminals being electrically connected 
to the plurality of signal lines of the electronic circuit 
board, the plurality of input terminals receiving signals 
via the input board. 

[0026] The input board may preferably be a FPC or other 

suitable structure. 

[0027] The method for manufacturing the electronic mod- 

ule described above according to a preferred embodiment of 
the present invention includes the steps of forming an 
anisotropic conductive film on a predetermined region of a 
terminal region of an electronic circuit board, arranging 
the input board and the first and second driver circuit 
boards so as to partially overlap the predetermined region 
of the terminal region via the anisotropic conductive 
film, and bonding the input board and the first and second 
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driver circuit boards to the anisotropic conductive film 
simultaneously to electrically connect the plurality of 
input terminals of the first and second driver circuit 
boards to the first and second branch wiring lines via the 
plurality of board terminals and electrically connect the 
plurality of output terminals of the first and second 
driver circuit boards to the plurality of signal lines. 

[0028] Other features, elements, characteristics, steps 

and advantages of the present invention will become more 
apparent from the following detailed description of pre- 
ferred embodiments with reference to the attached draw- 
ings . 

BRIEF DESCRIPTION OF THE DRAWUKS 
[0029] FIG. lA is a diagrammatic view showing a struc- 

ture of a conventional TCP type liquid crystal module, and 
FIG. IB is a cross -sectional view taken along line A- A' in 
FIG. lA. 

[0030] FIG. 2 is a diagrammatic view showing a structure 

of a conventional substrate- free type liquid crystal mod- 
ule. 
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[0031] FIG. 3A is a diagranimatic view showing a struc- 

ture of a conventional COG type liquid crystal module, and 
FIG. 3B is a cross -sectional view taJcen along line A-A' in 
FIG. 3A. 

[0032] FIG. 4 is a diagrammatic view showing a structure 

of another conventional COG type liquid crystal module. 

[0033] FIG. 5A is a plan view of an electronic module 

according to a preferred embodiment of the present inven- 
tion, and FIG. 5B is a partially enlarged view of region 
5B in FIG. 5A. 

[0034] FIGS. 6A and 6B are cross -sectional views taken 

along line 6A-6A' and line 6B-6B" in FIG. 5B, respec- 
tively. 

[0035] FIG. 7 shows a modification of the electronic 

module according to a preferred embodiment of the present 
invention. 

[0036] FIG. 8A is a plan view of another modification of 

the electronic module according to a preferred embodiment 
of the present invention, and FIGS. 8B and 8C are cross- 
sectional views taken along line 8B-8B' and line 8C-8C' in 
FIG. 8A. 
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[0037] FIGS. 9A and 9B show a yet another modification 
of the electronic module according to a preferred embodi- 
ment of the present Invention. 

[0038] FIG. 10 shows a yet another modification of the 
electronic module according to a preferred embodiment of 
the present invention. 

[0039] FIG. IIA is a plan view of a liquid crystal mod- 

ule of another preferred embodiment of the present inven- 
tion, and FIG. IIB is a partially enlarged view of region 
IIB in FIG. IIA. 

[0040] FIGS. 12A, 12B and 12C are views of the liquid 

crystal module of a preferred embodiment of the present 
invention, the COG type liquid crystal module and the sub- 
strate-free type liquid crystal module, respectively, 
shown for comparison of the width of a source terminal re- 
gion. 

[0041] FIG. 13 shows flowcharts of manufacturing proc- 

esses for the liquid crystal module of a preferred embodi- 
ment of the present invention, the TCP type liquid crystal 
module and the COG type liquid crystal module, for com- 
parison . 
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DETAILED DESCRIPTION OF PREFERRED BMB(X>IMD1TS 
[0042] Hereinafter, preferred embodiments of the present 

invention will be described with reference to the relevant 
drawings • 

[0043] FIG. 5A is a plan view of an electronic module 70 

of a preferred embodiment of the present invention, and 
FIG. 5B is a partially enlarged view of region 5B in FIG. 
5A. 

[0044] As shown in FIGS. 5A and 5B, the electronic mod- 

ule 70 includes an electronic circuit board 72, and an in- 
put board 76 and a plurality of driver circuit boards 78 
mounted on a terminal region 74 of the electronic circuit 
board 72. The electronic circuit board 72 includes cir- 
cuit elements (not shown), signal lines 80 connected to 
the circuit elements, and board teirminals 82 disposed on 
the terminal region 74. The driver circuit boards 78 in- 
clude drive circuits 77 for supplying signals to the sig- 
nal lines 80 of the electronic circuit board 72. The 
driver circuit boards 78 further include input terminals 
84 and output terminals 86. The output terminals 86 are 
electrically connected to the signal lines 80 of the elec- 
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tronic circuit board 72. The input board 76, which is 
connected to an external circuit board, includes main wir- 
ing lines 88 for transmitting signals received from the 
external circuit board and branch wiring lines 90 branched 
from the main wiring lines 88. The branch wiring lines 90 
are electrically connected to the input terminals 84 of 
the driver circuit boards 78 via the board terminals 82 of 
the electronic circuit board 72. 

[0045] In the electronic module 70, signals input exter- 
nally are supplied to the respective driver circuit boards 
78 by way of the main wiring lines 88 and the branch wir- 
ing lines 90 of the input board 76, the board terminals 82 
of the electronic circuit board 72, and the input termi- 
nals 84 of the driver circuit boards 78 in this order. 
That is, to transmit signals from the input board 76 to 
the driver circuit boards 78, no additional board is re- 
quired between the input board 76 and the driver circuit 
boards 78. This reduces the number of components compared 
with the TCP type shown in FIG. 1. With the reduction of 
the number of components, the workability (assembly worka- 
bility) in the manufacturing process improves, and the 
manufacturing cost (mounting cost) can be reduced. 



17 



[0046] Also, in the electronic module 70, signals input 
externally are transmitted through the main wiring lines 
88 of the input board 76 and then supplied to the respec- 
tive driver circuit boards 78 via the branch wiring lines 
90, and are not transferred to the adjacent driver circuit 
boards sequentially via a wiring line disposed on the 
electronic circuit board as in the substrate-free type 
shown in FIG. 2. By this way of signal supply, the sig- 
nals are prevented from degrading, and thus stable signals 
can be supplied to the respective driver circuit boards. 
Therefore, with the unique configuration of the electronic 
module 70 of this preferred embodiment, large-size, high- 
definition electronic equipment can be attained. 

[0047] Moreover, in the electronic module 70, unlike the 

COG type, the driver circuit boards 78 are mounted on the 
electronic circuit board 72. Therefore, an increase in 
the frame width as in the COG type is prevented. Also, an 
increase in the cost of the electronic circuit board as in 
the COG type is prevented. 

[0048] The terminal region 74 of the electronic circuit 
board 72 is arranged along an edge of the electronic cir- 
cuit board 74 extending in the x direction, for example. 
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In this case, the Input board 76 and the plurality of 
driver circuit boards 78 are mounted on the terminal re- 
gion 74 extending in the x direction, wherein the plural- 
ity of driver circuit boards 78 are arranged to be 
adjacent to each other along the x direction. 

[0049] A chip on film (COF) is preferably used for each 
driver circuit board 78. Alternatively, a TCP may be used. 
In particular, a COF is suitable when the number of sig- 
nals to be transmitted is large (40, for example). For 
the input board 76, a FPC is preferably used. These COF, 
TCP and FPC are bendable as will be described later. 
Therefore, by using these elements for the driver circuit 
boards 78 and the input board 76, an additional effect of 
attaining further reduction in module size is obtained. 

[0050] An anisotropic conductive film (ACF) 92 is pref- 

erably used for electrical connection between the driver 
circuit boards 78 and the electronic circuit board 72 and 
electrical connection between the input board 76 and the 
electronic circuit board 72. Hereinafter, specific exam- 
ples of electrical connections between these boards will 
be described with reference to FIGS. 6A and 6B. FIGS. 6A 
and 6B are cross-sectional views taken along line 6A-6A' 
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and line 6B-6B' in FIG. 5B, respectively- 

[0051] As shown in FIG. 6A, the input terminal 84 of the 

driver circuit board 78 and a board terminal 8 23 for 
driver circuit board disposed on the electronic circuit 
board 72 are electrically connected to each other via the 
anisotropic conductive film 92, and the branch wiring line 
90 of the input board 76 and a board terminal 82A for in- 
put board disposed on the electronic circuit board 72 are 
electrically connected to each other via the anisotropic 
conductive film 92. The board terminals 82A and 82B are 
electrically connected to each other via a board line 82C. 
In this way, electrical connection among the input board 
76, the driver circuit board 78 and the electronic circuit 
board 72 is achieved. 

[0052] The electrical connection among these boards is 

not limited to the arrangement described above. For exam- 
ple, the branch wiring line 90 and the input terminal 84 
can be located close to each other by appropriately deter- 
mining the shapes of the input board 76 and the driver 
circuit board 78 and/or the placement of the branch wiring 
line 90 and the input terminal 84, so that the electrical 
connection among these boards can be achieved with a sin- 
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gle board terminal without the necessity of providing the 
board line 82C. 

[0053] As shown in FIG. 6B, the signal line 80 of the 

electronic circuit board 72 and the output terminal 86 of 
the driver circuit board 78 are electrically connected to 
each other via the anisotropic conductive film 92. 

[0054] Hereinafter, a method for manufacturing the elec- 

tronic module 70 described above will be described with 
reference to FIGS. 5A, 5B, 6A and 6B. 

[0055] The anisotropic conductive film 92 is formed on 

predetermined areas of the terminal region 74 of the elec- 
tronic circuit board 72. The input board 76 and the plu- 
rality of driver circuit boards 78 are positioned with 
respect to the electronic circuit board 72 so as to over- 
lap the predetermined areas of the terminal region 74 via 
the anisotropic conductive film 92, and then bonded to the 
anisotropic conductive film 92 under compression, simulta- 
neously. A polymer film (for example, a polyimide film) 
is preferably used as the base of both the input board 76 
and the driver circuit boards 78. Therefore, these boards 
can be bonded to the terminal region 74 simultaneously 
with no trouble related to the difference in substrate 
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thickness . 

[0056] By the bonding described above, the input termi- 
nals 84 of the driver circuit boards 78 and the branch 
wiring lines 90 of the input board 76 are electrically 
connected to each other via the board terminals 82 of the 
electronic circuit board 72. Also, the output terminals 
86 of the driver circuit boards 78 and the signal lines 80 
of the electronic circuit board 72 are electrically con- 
nected to each other. 

[0057] In the method for manufacturing the electronic 

module 70 described above, the input board 76 and the 
driver circuit boards 78 can be bonded to the anisotropic 
conductive film 92 simultaneously. This simplifies the 
manufacturing process and reduces the number of manufac- 
turing steps, compared with the TCP type shown in FIGS. lA 
and IB and the COG types shown in FIGS. 3A, 3B and FIG. 4. 

[0058] As shown in FIGS. 5A and 5B, the electronic cir- 

cuit board 72 may have another terminal region 75 extend- 
ing in the y direction crossing the x direction (typically 
at about 90** ), and a plurality of driver circuit boards 79 
may be mounted along a line on the terminal region 75. 
Like the driver circuit boards 78, the driver circuit 
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boards 79 supply signals to the signal lines 80 on the 
electronic circuit board 72 via their output terminals 94. 
The driver circuit boards 79 receive signals from the in- 
put board 76 via their input terminals 96, for example. 
That is, the common input board 76 supplies signals to 
both the driver circuit boards 78 mounted on the terminal 
region 74 and the driver circuit boards 79 mounted on the 
terminal region 75. By using the common input board 76 
for supply of signals to the driver circuit boards 78 and 
79, only one point is necessary for connection with an ex- 
ternal circuit board. This reduces the manufacturing cost 
and improves the workability of the manufacturing process. 
Signals may be transferred to the adjacent driver circuit 
boards 79 via a wiring line disposed on the terminal re- 
gion 75 of the electronic circuit board 72, for example. 

[0059] In the above description, signals are supplied to 

the driver circuit boards 78 mounted on the terminal re- 
gion 74 of the electronic circuit board 72 by use of the 
input board 76. As a modification, as shown in FIG. 7, 
signals may be supplied to the driver circuit boards 79 
mounted on the terminal region 75 by use of the input 
board 76. This construction is advantageous in preventing 

23 



degradation of signals transmitted to the driver circuit 
boards 79. The electronic module shown In FIG. 7 Is dis- 
advantageous In that at least two points are necessary for 
reception of external signals. However, for large-size 
electronic equipment, the advantage obtained by this con- 
struction outweighs this disadvantage. Also, for large- 
size electronic equipment, each Input board 76 may be di- 
vided to form two or more Input boards. 

[0060] By using the electronic module of this preferred 

embodiment having the unique construction described above. 
It Is possible to provide higher-quality electronic equip- 
ment In which degradation of signals Is prevented. In 
particular, a significant effect can be obtained with the 
unique construction described above when the present In- 
vention Is applied to a large- size display of 30 Inches or 
more . 

[0061] In a preferred embodiment of the present Inven- 

tion, the Input board 76 Includes a belt portion 76A ex- 
tending In the X direction and a plurality of protrusions 
76B extending from the belt portion 76A In the y direction. 
The main wiring lines run on the belt portion 76A, and the 
branch wiring lines 90 run on the protrusions 76B. The 
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plurality of driver circuit boards 78 are disposed at po- 
sitions between every two adjacent protrusions 76B. In 
other words, the driver circuit boards 78 and the protru- 
sions 76B are arranged alternately. 

[0062] In a preferred embodiment, the input terminals 84 

are disposed on a region of each driver circuit board 78 
near one of two edges 78A of the driver circuit board 78 
spaced which are spaced apart from each other in the x di- 
rection. One driver circuit board 78 corresponds to one 
protrusion 76B, and receives signals from the branch wir- 
ing lines 90 running on the corresponding protrusion 76B. 

[0063] As will be described later in another preferred 

embodiment, the input terminals 84 may be disposed on at 
least two regions of each driver circuit board 78 which 
are spaced apart from each other in the x direction, for 
example. In this case, the width of the terminal region 
can be further reduced. 

[0064] To further reduce the width of the terminal re- 

gion 74, the electronic module 70 may be constructed as in 
the following specific examples. 

[0065] One specific example is shown in FIGS. 8A, 8B and 
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8C. FIG- 8A Is a plan view of an electronic module of 
this example, and FIGS. 8B and 8C are cross -sectional 
views taken along line 8B-8B' and line 8C-8C' in FIG. 8A, 
respectively. In this electronic module, the driver cir- 
cuit boards 78 are arranged to overlap the belt portion 76 
of the input board 76 as is viewed in a direction that is 
perpendicular to the electronic circuit board 72. By this 
overlap arrangement between the input board 76 and the 
driver circuit boards 78, the width of the terminal region 
can be further reduced. 

[0066] Another specific example is shown in FIGS. 9A and 
9B. FIGS. 9A and 9B are cross -sectional views correspond- 
ing to line 8B-8B' and line 8C-8C' in FIG. 8A, respec- 
tively. In this electronic module, the protrusions 76B of 
the input board 76 and the driver circuit boards 78 are 
bent simultaneously to form a predetermined angle with re- 
spect to the electronic circuit board 72. The FPC, COF 
and TCP devices are bendable. Therefore, when a FPC is 
used for the input board 76 and COFs or TCPs are used for 
the driver circuit boards 78 as described above, the ex- 
ternal size of the electronic module can be reduced by 
bending the PFC and COFs or TCPs in the manner described 
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above . 

[0067] In the electronic module 70, signals can be sup- 

plied to the plurality of driver circuit boards 78 using 
the input board 76 having a single substrate. In addition, 
the input board 76 and the driver circuit boards 78 can be 
bonded to the electronic circuit board 72 under compres- 
sion simultaneously. However, with increase of the length 
(in the x direction) of the input board 76, it will become 
not possible to align the input board 76 with the elec- 
tronic circuit board 72 with the same alignment precision 
over the entire length of the input board 76. To overcome 
this problem, the pitch of arrangement of the board termi- 
nals 82A for the input board on the electronic circuit 
board 72 may be determined as described below, to thereby 
secure electrical connection between the input board 76 
and the electronic circuit board 72 without complicating 
the alignment work. 

[0068] Referring to FIG. 10, assume that a total of m (m 

^ 3, m = 6 in FIG. 10) driver circuit boards 78 are to be 
mounted on the electronic circuit board 72. Also assume 
that m sets of branch wiring lines 90 corresponding to the 
m driver circuit boards 78 (for transmitting signals to 
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the m driver circuit boards 78) are provided on the input 
board 76. Note that in FIG. 10 in which each driver cir- 
cuit board 78 receives signals from the branch wiring 
lines located on both sides, the number of protrusions of 
the input board 76 is m+1. 

[0069] Assume that the board terminals 82A for the input 

board on the electronic circuit board 82 form n (n ^ 3, n 
- 7 in FIG. 10) board terminal groups 83, including the 
first, second, k-th, (k+l)th, n-th groups arranged 

in the x direction, each including a plurality of board 
terminals 82A for the input board arranged in the x direc- 
tion at a predetermined pitch. In this electronic module, 
the pitch is set for each board terminal group so that the 
pitch Pk in the k-th board terminal group 83 aiid the pitch 
Pk+i in the (k+l)th board terminal group 83 have the rela- 
tionship Pk < Pk+i. In other words, the pitch in each board 
terminal group 83 is made larger stepwise as the position 
of the board terminal group 83 on the terminal region is 
farther from the center toward both ends of the terminal 
region (in the x direction). With this unique arrangement, 
electrical connection between the input board 76 and the 
electronic circuit board 72 can be reliably ensured. 
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[0070] A specific example of the arrangement shown in 

FIG. 10 is as follows. 

[0071] The pitch of the board terminals 82A for the in- 

put board in the board terminal group 83 in the center 
(fourth from the left) is preferably about 0.2 mm, while 
the pitch of the board terminals 82A for the input board 
in the board terminal groups 83 in both ends (first and 
seventh from the left) is preferably about 0.4 mm. The 
pitch of the board terminals 82A for the input board is 
made gradually larger from the board terminal group 83 in 
the center toward ones in both ends (in the order of the 
fourth, third, second and first from the left, and in the 
order of the fourth, fifth, sixth and seventh from the 
left). The average pitch is preferably about 0.3 mm. The 
pitch of the wiring lines (terminals) on the input board 
76 is also set to correspond to the pitch of the board 
terminals 82A for input board. 

[0072] In general, the size precision of a FPC is of the 

order of about 0.1% with respect to its length. When a 
300 mm long FPC is used for the input board 76 and align- 
ment is made with the center of the FPC as the reference, 
the displacement at both ends of the FPC will be about 
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0.15 nun (= (300 mm/2) x 0.1%). By arranging the board 
terminals 82A as described above ^ a failure during connec- 
tion between the input board 76 and the electronic circuit 
board 72 due to the displacement can be prevented, and 
thus the yield rate increases. 

[0073] Next, a liquid crystal module 100 of a preferred 

embodiment of the present invention will be described with 
reference to FIGS. IIA and IIB. The electronic circuit 
board 72 described above corresponds to a display panel 31 
of the liquid crystal module 100. The display panel 31 
includes TFTs for driving pixels, for example, as the cir- 
cuit elements, and source lines and gate lines connected 
to the TFTs as the signal lines 80. The display panel 31 
also includes a source terminal region 32 and a gate ter- 
minal region 34. On the source terminal region 32, a plu- 
rality of source driver circuit boards 36 and an input FPC 
(input board) 38 are mounted. The source driver circuit 
boards 36 have drive circuits for supplying signals to the 
source lines. On the gate terminal region 34, a plurality 
of gate driver circuit boards 40 are mounted. 

[0074] The source driver circuit boards 36 and the gate 
driver circuit boards 40 are preferably COFs. A COF, 
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which permits running of a number of wiring lines on the 
bottom of a drive circuit (IC chip), is suitably used for 
applications including a large number of signals (for ex- 
ample, 40 or more) to be transmitted. 

[0075] In this preferred embodiment, as shown in FIG. 

IIB, input terminals 39 of each source driver circuit 
board 36 are disposed on two regions of the driver circuit 
board 36 which are spaced apart from each other in the x 
direction. In other words, the input terminals 39 are 
disposed at both edges of each source circuit board 36. 
Note that although FIG. IIB shows a region including por- 
tions of two source driver circuit boards 36, the right 
edge of the source driver circuit board 36 on the right as 
is viewed from FIG. IIB is the same in structure as the 
right edge of the source drive circuit 36 on the left. 
Among the input terminals 39 of one source driver circuit 
board 38, input terminals disposed on the left edge of the 
source driver circuit board 38 are collectively called a 
first-side input terminal group 39L, and those disposed on 
the right edge thereof are collectively called a second- 
side input terminal group 39R. 

[0076] The input FPC 38 has main wiring lines for sup- 
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plying source driving signals (source signal and power 
supply voltage) 42 to the respective source driver circuit 
boards 36 (the main wiring lines are also denoted by 42), 
a wiring line for directly supplying a voltage (for exam- 
ple, counter voltage) 43 to the display panel, and branch 
wiring lines 44 branched from the main wiring lines. The 
branch wiring lines 44 define a first -side branch wiring 
line group 44L and a second- side branch wiring line group 
44R, branched from the main wiring lines 42 in different 
regions which are spaced apart from each other in the x 
direction. The first-side branch wiring line group 44L 
are electrically connected to the first-side input termi- 
nal group 39L, and the second- side branch wiring line 
group 44R are electrically connected to the second- side 
input terminal group 39R. 

[0077] Each protrusion 38B of the input FPC 38 has the 

second- side branch wiring line group 44R connected to the 
driver circuit board 36 on the left side and the first - 
side branch wiring line group 44L connected to the driver 
circuit board 36 on the right side. 

[0078] As described above, in the liquid crystal module 

100, the input terminals of each driver circuit board 36 
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are disposed on two regions which are separately to re- 
ceive signals from the branch wiring lines located on both 
sides of the driver circuit board 36. Therefore, the num- 
ber of input terminals disposed on one edge of each driver 
circuit board 36 can be halved, compared with the case of 
arranging the input terminals only on one edge of each 
driver circuit board 36 as in the preferred embodiment 
shown in FIGS. 5A and 5B. This makes it possible to re- 
duce the width 32W of the terminal region 32, and thus re- 
duce the frame region of the liquid crystal module. Note 
that if a smaller size of the input FPC 38 is desired, the 
construction of receiving signals from only one side as 
shown in FIGS. 5A and 5B is preferred. 

[0079] Hereinafter, the liquid crystal module 100 of 

this preferred embodiment will be described in more detail. 

[0080] In the liquid crystal module 100, gate driving 

signals (gate signal and power supply voltage) 41, the 
source driving signals (source signal and power supply 
voltage) 42 and the voltage 43 directly supplied to the 
display panel are supplied via input terminals 46 of the 
input FPC 38. In other words, the liquid crystal module 
100 receives all signals via one point of the common input 
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FPC 38 • 

[0081] The gate driving signals 41 input via the FPC in- 
put terminal 46 are transmitted to the gate driver circuit 
boards 40 through a panel wiring line disposed on the dis- 
play panel 31. Although not shown in detail in FIG. IIA, 
signal /power supply wiring lines of the gate driver cir- 
cuit boards 40 are arranged in a cascade connection via 
the panel wiring line. Details are described in Japanese 
Laid-open Patent Publication No. 2001-188246, for example. 

[0082] The voltage (for example, counter voltage) 43 di- 

rectly supplied to the display panel 31, input via the FPC 
input terminal 46, is supplied to a counter electrode 47 
on the display panel 32 through the wiring line disposed 
on the input FPC 38. 

[0083] In the liquid crystal module 100, the source 

driver circuit boards 36 and the input FPC 38 may overlap 
each other, as shown in FIGS. 8A to 8C. In this case, the 
external size of the module can be further reduced. If no 
limitation is imposed on the size, this overlapping is un- 
necessary. 

[0084] The external size of the liquid crystal module 
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can also be further reduced by bending the driver circuit 
boards 36 and the input FPC 38, as shown in FIGS. 9A and 
9B. The driver circuit boards 36 and the input FPC 38, 
preferably made of a flexible material having a thickness 
of the base of for example, about 40 /Xm or less, can be 
bent at an arbitrary position. 

[0085] Hereinafter, the respective components of the 

liquid crystal module 100 of this preferred embodiment 
will be described in detail. 

[0086] The display panel 31 includes two substrates and 

a liquid crystal layer interposed therebetween. 

[0087] One of the substrates (TFT substrate) includes a 

base plate , and source bus lines ( source lines ) , gate bus 
lines (gate lines), TFTs and pixel electrodes disposed on 
the base plate. The TFTs are located at positions near 
the crossings of the source lines and the gate lines. The 
pixel electrodes are connected to the source lines and the 
gate lines via the TFTs. The base plate is preferably 
made of alximinoborosilicate glass having a size of, for 
example, approximately 315 mm long x 237 mm wide and a 
thickness of about 0.7 mm. The source lines and the gate 
lines are preferably formed of an Al thin film. The pixel 
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electrodes are preferably formed of a transparent conduc- 
tive film such as an Indium tin oxide (ITO) film. 

[0088] The other substrate (color filter substrate) 

preferably Includes a base plate and a color filter layer 
and the counter electrode disposed on the base plate. The 
base plate Is preferably made of alumlnoboroslllcate glass 
having a size of, for example, approximately 313 mm long x 
235 mm wide and a thickness of about 0.7 mm. The color 
filter is preferably made of a pigment dispersion type ac- 
rylic resin. The counter electrode is preferably formed 
of a transparent conductive film such as an ITO film. 

[0089] The TFT substrate and the color filter substrate 

are bonded together with a sealing agent, and the liquid 
crystal layer is interposed between the two substrates as 
a display meditim layer that changes its display-related 
state depending on the voltage. 

[0090] The source driver circuit boards 36 and the gate 

driver circuit boards 40 are preferably COFs, each of whi- 
ch is preferably formed of a polyimide base having a size 
of approximately 28 mm long x 6.5 mm wide and a thickness 
of about 40 Mm. An approximately 12 Mm thick Cu pattern 
is formed on the base , and an IC 45 having a size of , for 
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size of, for example, approximately 18 mm long x 1.5 mm 
wide Is formed on the Cu pattern. The Cu pattern Is 
sealed with a solder resist excluding the portion in con- 
nection with the display panel 31. The IC 45 is sur- 
rounded with resin coating. 

[0091] The input FPC 38 is preferably formed of a poly- 

imide base having a size of, for example, approximately 
300 mm long x 50 mm wide and a thickness of about 25 Mm. 
An approximately 18 Mm thick Cu pattern is formed on each 
of the opposite sides of the base, and the Cu patterns on 
these sides are connected to each other via a through hole. 
The Cu patterns are protected with a coverlay excluding 
the portions in connection with the display panel 31 and 
an external circuit board. 

[0092] Hereinafter, the width of the source terminal re- 

gion 32 of the liquid crystal module 100 of this preferred 
embodiment is compared with those of the conventional liq- 
uid crystal modules with reference to FIGS. 12A to 12C. 
FIG. 12A shows the liquid crystal module 100, FIG. 12B 
shows the COG type liquid crystal module shown in FIG. 4, 
and FIG. 12C shows the substrate-free type liquid crystal 
module shown in FIG. 2. 
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[0093] As is seen from FIGS. 12A to 12C, the width Al of 

the source terminal region of the liquid crystal module 
100 of this preferred embodiment is smaller than the width 
A2 in the COG type and the width A3 in the substrate-free 
type, where Al < A3 < A2. 

[0094] That is, in the liquid crystal module 100 of this 
preferred embodiment, both the wiring area B in the source 
terminal region 32 of the display panel 31 and the con- 
necting area C required for connection between the source 
driver circuit boards 36/input FPC 38 and the display 
panel 31 can be made smaller than those in the other types 
of liquid crystal modules, where Bl < B3 < B2 and CI < C3 
< C2. Note that the area D does not directly influence 
the size of the display unit because this area can be re- 
duced by bending the source driver circuit boards 36 and 
the input FPC 38. 

[0095] Hereinafter, a method for manufacturing the liq- 

uid crystal module 100 will be described. 

[0096] First, an anisotropic conductive film (ACF) is 

foirmed on predetermined areas of the gate terminal region 
34 and the source terminal region 32 of the display panel 
31. 
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[0097] The source driver circuit boards 36 and the gate 

driver circuit boards 40 are positioned on the display 
panel 31 via the ACFs by aligning the input and output 
terminals of the source driver circuit boards 36 and the 
gate driver circuit boards 40 with display panel terminals 
49 of the display panel 31. The pitch of the output ter- 
minals of the source driver circuit boards 36 and the gate 
driver circuit boards 40 is preferably about 60 Mm, and 
the pitch of the input terminals thereof is preferably 
about 300 Mm. 

[0098] The input FPC 38 is then positioned on the dis- 

play panel 31 via the ACFs by aligning the terminals of 
the input FPC 38 with display panel terminals 49 of the 
display panel 31. As in the driver circuit boards de- 
scribed above, the pitch of the terminals of the input FPC 
38 is preferably about 300 Mm. 

[0099] Thereafter, the gate driver circuit boards 40, 

the source driver circuit boards 36 and the input FPC 38 
are bonded to the display panel 32 at about 200* C using a 
linear thermocompression bonding tool. The connection be- 
tween the source driver circuit boards 36 and the display 
panel 31 and the connection between the input FPC 38 and 
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the display panel 31 are performed simultaneously. In 
this way, the liquid crystal module of this preferred em- 
bodiment is produced. 

[0100] The manufacturing method described above is simple 
in process, has a small number of manufacturing steps and 
is high in throughput, compared with the manufacturing 
methods for the TCP type module and the COG type module. 

[0101] The method for manufacturing the liquid crystal 
module 100 of this preferred embodiment is compared with 
the manufacturing methods for the TCP type module shown in 
FIGS. lA and IB and the COG type modules shown in FIGS. 3A 
and SB and FIG. 4. FIG. 13 shows flowcharts of steps of 
the respective manufacturing methods. 

[0102] As is seen from FIG. 13, the TCP type and the COG 
type involve two bonding steps. That is, in the TCP type, 
TCP bonding and PWB bonding are performed separately. In 
the COG type, driver IC bonding and FPC bonding are per- 
formed separately because the driver ICs and the input FPC 
are different in height. 

[0103] Contrarily, in the manufacturing method of this 
preferred embodiment, the input FPC and the driver circuit 
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boards can be bonded simultaneously, and thus, the number 
of manufacturing steps can be reduced to two -thirds com- 
pared with the TCP type and the COG type. This enables 
reduction of the manufacturing (mounting) cost compared 
with the conventional methods* 

[0104] The results of the comparison of the liquid crys- 
tal module of this preferred embodiment with the conven- 
tional TCP type (FIGS. lA and IB), substrate-free type 
(FIG. 2) and COG types (FIGS. 3A and 3B and FIG. 4) are 
shown in Table 1 below. As shown in Table 1, the liquid 
crystal module of this preferred embodiment was determined 
to be very good in all of the items examined. 
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[0105] Thus, according to various preferred embodiments 
of the present invention, an electronic module that has a 
very small frame width and is applicable to all types of 
electronic equipment is provided. In addition, a method 
for manufacturing an electronic module that requires no 
complicated manufacturing process and is low in manufac- 
turing cost is provided. 
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[0106] The present invention is very suitable for high- 
definition, large-size equipment and applicable to all 
types of electronic equipment for all uses, including TV 
sets, notebook personal computers and monitors. 

[0107] While the present invention has been described 
with respect to preferred embodiments, it will be apparent 
to those skilled in the art that the disclosed invention 
may be modified in numerous ways and may assume many em- 
bodiments other than that specifically set out and de- 
scribed above. Accordingly, it is intended by the 
appended claims to cover all modifications of the present 
invention that fall within the true spirit and scope of 
the invent ion . 
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